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PRELIMINARY LOW-SPEED WIND-TUNNEL INVESTIGATTION OF SOME
ASPECTS OF THE AERODYNAMIC PROBLEMS ASSQCIATED
WITH MISSILES CARRIED EXTERNALLY IN
POSITIONS NEAR AIRPIANE WINGS

By William J. Alford, Jr., H. Norman Silvers,
and Thomas J. King, dJr.

SUMMARY

A low-speed wind-tunnel investigation has been msde of some aspects
of the serodynamic problems associated with the use of air-to-air missiles
when carried externally on aircraft. Measurements of the forces and
moments on a missile model for a range of positions under the midsemispan
location of a 45° sweptback wing indicated longitudinal and lateral forces
and moments of sufficient magnitude to present possible serious problems
with regard to both carriage and release of the missiles. Surveys of the
characteristies of the flow field in the region likely to be traversed
by the missiles showed abrupt gradients in both flow angularity and in
local dynamic pressure. Through the use of serodynamic data on the
isolated missile and the measured flow-fleld characteristics, the longi-
tudinal forces and moments acting on the missile while in the presence of
the wing-fuselage combination could be estimated with fair accuracy.
Although the latersal forces and momenits predicted were qualitatively
correct, there existed some large discrepancies in absolute magnitude.

INTRODUCTION

A number of problems have arisen in commection with the use of stores
or missiles that are carried externally on gsircraft. These problems
involve the loeds acting on the bodies while they are being cerried or
the influence of the loads on the paths taken by the bodies released
from the aircraft while in flight. (See refs. 1 and 2.) In general,
all of these problems are related to the nonuniform field of flow gener-
ated by an airplane. Because of the complexity of the flow, the inves-
tigations thet have been reported (refs. 3 to 5) have yielded little
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information sultable for generalized interpretation of nonuniform flow
Tields and their effects on missile launching behavior.

The National Advisory Committee for Aeronautics is making studles
of the flow fields about wing-body combinations in order to provide
fundamentsl information applicable to the use of external stores and
missiles. As a part of this program, the present psper presents some
results of a low~-speed wind-tummel investigation of problems assoclated
with the launching of air-to-asir missiles from an sirplane configuration
having a sweptback wing. Included in the paper are results of flow-field
surveys at the midsemispan location, results of measurements of forces and
moments on & missile model at various locations within the field surveyed,
and results of some calculations that indlcate the degree of accuracy
wiih which the missile forces and moments can be computed when the free-
air characteristics of the missile and the characteristics of the flow -
field are known.

SYMBOLS
CN missile normal-force coefficient, XNormal force
205m
Cm missile pitching-moment coefficient, Latching moment
205mCm
Cy missile side-force coefficient, £Side forc
205m
- Yawing moment
C missile yawing-moment coefficient
2 ’ 20SmPy
oL, 11ft coefficient, Iifl
908
0 free-stream dynemic pressure, lb/sq ft
q, local dynamic pressure, 1b/sq ft
Vo free-stream velocity, ft/sec
Sm exposed area of two missile wing panels, 0.046 sq ft
S wing area, 6.25 sq ft
c local wing chord of wing-fuselage combination, ft

m
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mean aerodynamic chord of exposed missile-wing area,
0.189 ft

span of missile wing, 0.415 ft
span of wing-fuselage combingtion, 5 ft

distance from lesding edge of the local wing chord to
missile center of gravity, positive rearward (fig. 1),
ft

spanwise distance from fuselsge center line, positive
right (fig. 1), ft

vertical distance to missile center line above wing chord
plane, positive up (fig. 1), ft

diameter of missile body, 1.08 in.
geometric angle of attack (fig. 2), deg
angle of sideslip (fig. 2), deg

resultant flow angulsrity induced by wing-fuselage combi-
nation (fig. 2), meesured in xz-plsne, between local
flow direction and missile model axis of symmeiry,
@y = o - €, deg

resultant flow angularity induced by wing-fuselage combi-
nation (fig. 2), measured in xy-plane, between local
flow direction and missile model axis of symmetiry,
B1 = B+ 0, deg

downwash angle induced by wing-fuselage combination
(fig. 2), measured in xz-plane between free-siream flow
direction and local flow direction; positive when local
flow is inelined downward relative to free stream, deg
effective downwash angle induced by missile wing on
missile tail (fig. 2), positive down, deg

gidewash angle induced by wilng-fuselage combination
(fig. 2), measured in xy-plane beiween free-stream
flow direction and local flow direction; for region
on left side of airplare model plane of symmetry,
positive sidewash corresponds to outward inclinetion
of local flow relative to free stream, deg
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OWg effective sidewash angle induced by missile wing on
missile tail (fig. 2), positive outboard for left wing
panel, deg

oCy

C = — r de

N Sa s P€ g

ac

Cp. = B per deg

Mo 5q

3Cy
c = —=, per deg
s 33

dCn

c = ., per de

Subscripts:

B missile body

W missile wing

T missile tail

e effective value

MODELS AND APPARATUS

The wing of the wing-fuselage cambination had the quarter-~chord
line swept back 45°, an aspect ratio of 4, a taper ratio of 0.3, and
NACA 65A006 airfoil sections parallel to the plane of symmetry. The
fuselage consisted of an ogival nose section, a cylindrical center
section, and a truncated tall cone. A two-view drawing of the wing-
fuselage combination as part of the test setup is shown in flgure 1,
and the fuselage ordinates are presented in table I.

The angularity and dynamic pressure surveys were mede simultaneously
with a raxe of six hemispherical-headed probes utilizing both pitch- and
yaw-angle orifices in combination with a pitot-static arrangement for
measuring dynamic pressure. A photograph of the angularity rake installed
on the wing-fuselage combination is presented as figure 3.

The missile used in the force and moment phase of the investigation
was a model of an air-to-sir guilded missile with an ogival nose, a
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cylindrical body, delta wings, and 45° pointed tail fins. The missile
was internally instrumented with a strain-gage bslance and was sting-
mounted from the rear of the wing-fuselage combination. The arrengement
of the missile in relation to the wing-fuselage combination is shown in
figures 1 and 4 and its general dimensions are presented in figure 5.

TESTS AND RESULTS

The tests were made in the Iangley 300 MPH 7- by 1lO0-foot tunmel at
a2 velocity of 100 miles per hour and included surveys of the flow angu-
larity and dynamic pressure in the viecinity of the wing-fuselage combi-
nation, force and moment measurements on the missile model when located
at various positions within the wing-fuselage flow field, and breakdown
tests of the isolated missile. This paper presents experimental results
at angles of attack of -0.22, 3.8°, and 8.2° at 0° sideslip.

The angularity and dynamic pressure data are presented in contour
form for the wing midsemispen position. The contours of local angulerity
values are presented relative to the wing chord line and hence include
messurements of the geometric angle plus the induced angles generated by
the wing-fuselage combination.

The surveys were made over the right wing with the wing-fuselage
model inverted to avoid support-strut interference and therefore repre-
sent conditions under the left wing of the model. Since the missile
model was not in place, the surveys do not include mutual interference
effects.

Force and moment characteristics measured on the missile while in
the presence of the wing-~fuselage combination are presented in the
figures along with the angularity contours in order to facilitate anslysis
of the results. The positive directions of the forces and moments
megsured on the missile model are shown in figure 2.

The results of breakdown tests of the isolated missile are presented
as variations of normal force and pitching moment with angle of attack,
but also are applicable as variasiions of side force and yewing moment
with angle of sideslip if proper consideration is given to the definition
of coefficients and to the sign convention.

Jet-boundary corrections calculated by the method of reference 6,
along with a free-stream misalinement angle of 0.2°, have been gpplied
to the angle of attack when the wing-fuselage combination influenced the
test results. TIn the case of the isolated-missile tests, only the mis~
alinement correction was applied. Jet-boundary corrections were not
gprlied to the flow angulsrity results since these correcitions were

S
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within the expected accuracy limits of the flow-angulariiy measurementsa.
Blockage corrections calculasted by the method of reference 7T were applied
to the dynamic pressure.

Consideration of the angularity-rake calibration, the method of rake
support, and the data-reduction procedure indicates that the angular
values presented are accurate to within £0.5°. (Consideration of the
missile model strain-gage balance calibrations and the general repesai-
ability of the data indicates that the accuracy of missile-slone force
and moment components are approximately accurate within the following
limits:

Coefficient Error

CN . - - - - . - - . . - . . - - . - . . » . . . - . . . - . L] i‘o- 02

Cil « = + & o = o o o o« s « « o« & 4 = « o« 4 4 2 s s e e 4+« To.,02
CY & ¢ e et e e s ke e e e e e e e e e e e e e e e e e +0.02
Coh s ¢ & o o o s & s o + o 2 s o s o o s s s « o s s = s e o a +0.01

Ii

DISCUSSION

The longitudinal angularity contours are presented in parts (a) and
the lateral angularity contours are presented in parts (b) of figures 6
to 8. Also included in figures 6 to 8 are the force and moment charac-
teristiecs of the missile model in the presence of the wing-fuselage
combingtion. The local dynamic pressure ratios are presented in figure 9
for three angles of aittack. The normal-force and pltching-moment charac-
teristics of the isolated missile are presented in figure 10 and the
effective downwash characterlistice of the 1solated missile are shown in
figure 11. A comparison between the measured and estimated forces and
moments on the missile in the presence of the wing-fuselage combination
is presented in figure 12.

Wing-Fuselage Angularity Characteristics

The longitudinal angulsrity contours (parts (a) of figs. 6 to 8)
indicate the presence of both chordwlse and vertical gradients near zero
angle of attack with these gradients becoming generally larger as the
geometric angle is Increased. Positions where the local angularity
exceeds the geometric angle indicate regions of upwash and, conversely,
positions where the local angularity 1s less than the geometric angle
are regions of downwash. The most severe gradlients are seen to exist
above the wing chord plane for positive angles of attack.
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The lateral angularity contours (parts (b) of figs. 6 to 8) also
indicate both vertical and longitudinal gradients. With the sign
convention adopted, positive values of local angularities indicate a
flow to the left when viewed from the rear. Inasmuch as these surveys
were made about the left wing panel, positive angles indicate an out-
flow direction (flow toward tip). It should also be noted that these
tests were made at O° sideslip. These lateral flow directions could
then be attributed to the effects of wing sweep and thickness taper for
the near zero angle-of-attack case (fig. 6(b)) and to a combination of
the aforementioned effects with lift-induced sidewash for the lifting
condition (figs. T(b) and 8(b)). Examination of the lateral angularity
contours indicates that, near zero angle of atiack, the direction of the
flow is inboard. At positive angles of attack, the flow direction below
the wing-chord plane is predominently in an outboard direction, and
above the chord plane the flow direction 1s inward. These results
pertain to regions outside the wing boundary lsyer and hence heve char-
acteristics considerably different from those that would be expected
close to the wing surface.

Missile Force and Moment Characteristics in Presence
of Wing-Fuselage Combination

Presented on the same plots and using the same abscissas as the
angulerity contours (figs. 6 to 8) are the force and moment character-
isties of the missile when it is Iin the wing flow field. The longitu-
dinsl lines in the angularity contours identified as A and B are the
peths along which the missile wes translated. Idine A is 15.5 percent
of the locel wing chord below the wing-chord plsne and line B is 37.2 per-
cent of the loecal wing chord below the wing-chord plane. The missile
force and moment characteristics are presented &s functions of the chord-
wise positions of the misgile center of gravity relative to the leading
edge of the wing chord. (See fig. 6(a).) Also presented in figures 6
to 8 are the isolated-missile force and moment levels, from figure 10,
to show the degree of induced deviation.

The missile pitching moment and normel force (parts (2) of figs. 6
to 8) are seen to have large deviations from the respective levels of
the isolated missile even near zero angle of attack. As would be expected,
these variations diminish as the missile is displaced from the wing-chord
plane and tend to their free-stream level sufficiently far ahead of the
wing.

The yawing moments induced on the missile due to the proximity of
the wing-fuselage combination (parts (b) of figs. 6 to 8) are seen to be
comparable in magnitude to the pitching moments when consideretion is
given to the nondimensionalizing perameters of these respective

coefficients.
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Brief studies using these data in conjunction with the equations of
motion indicated that these forces and moments, both longitudinal and
lateral, are of sufficient magnitude to present possible serious problems
with regard to carriage and release of the missiles.

Dynamic Pressure Characteristics

The local dynamic pressure retios in the field surrounding the wing
(fig. 9) indicate that even the relatively thin airfoil section employed
(NACA 65A006) generates sizeable disturbances in the air stream at essen-
tially zero angle of attack. As the angle is increased, the lift effect
on the dynamic-pressure ratios soon predominates over the thickness effect.
The existence of these dynamic pressure gradlents is another factor that
must be considered in analyzing and in attempting to predict the missile
characteristics.

Isolated-Misslle Force and Moment Characteristics

The normal-force and pitching-moment characteristics of the isolated
missile and its component parts as determined from breakdown tests in Lhe
free stream are shown in figure 10. By virtue of the missile symmetry,
these data are also applicable as side-force and yawing-moment character-
isties, considering the appropriate dimensions and signs.

The slopes of the normel-force asnd pitching-moment curves of the
isolated-missile component parts were measured at zero angle of attack
and are presented, along with the lateral parameters that would be obtained
if the tests were made at angles of sideslip, and are listed below:

(s = 5y >

(CN“>BT B _<CYB>BT = 00413
(“e)gy = “(O¥B)y = 006
(cmu_\B = 0.0137
/
(cm"‘)BT =012
= 0.064

(Cmm> BW
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(an>B - %(%)B = -0.00624

(CnB>BT - %(CEG)BT = 0.0569

(an>BW - - %(%“)Bw -0.0291

Tn order to determine an effective downwash angle at the missile
tail, as affected by the missile wing, incremental pitching moments of
the missile configurations utillizing the tail, with the wing both on and
off, are presented in figure 11. The difference in angle at a constant
pitching-moment increment is an effective downwash angle at the missile
tail. This downwash angle is referred to as an effective value, since
the change in dynamic pressure at the missile tail due to the missile
wing is, for these tests, unknown. By virtue of the missile symmetry,
these angles are equael in magnitude but of opposite sign from the side-
wash angle, if considered from a lateral~plane standpoint.

Estimation of Misslle Characteristics in the Presence
of the Wing-Fuselasge Combilngtion
The results of an attempt to estimate the forces and moments on
the missile while in the presence of the wing-fuselage combination are
presented for comparison with the experimental data in figure 12. These
estimations were made using the lsolated missile characteristics from

the breakdown tests (figs. 10 and 11), the angulerity results (figs. 6
to 8), and dynamic pressure contours (fig. 9) in the following equations:

() otz = (a)s 15@)s + (o) )y *
C)arn (2 - ) (E),

s (e ) e ),
I A )
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(CY)total = @YB>B BZBC:_CZ)B N <CY3>BW-B BZWC%)W '
(CYB>BT-B @ZT ¥ G"'Te><%>'r

(cn) total - <cnﬁ>:s BZB<%>B ¥ (CnB>BW—B BZW(%)g *
(CHB)BT-B (BZT * GWQ(% i

The approvriaste values of the angle of attack, sideslip, and dynamic
Pressure were obtained by averaging the local values of o3, B3, and
4
0
tall. The cylindrical portion of the missile body was assumed to carry
no force or moment.

at the approximate centrolds of the body nose, the wing, and the

As can be seen in figure 12, fair agreement is obtained between the
estimated and experimental results for the longitudinal coefficients.
In the case of the lateral coefficients, however, although correct qual-
itative trends are predicted, there exist some large discrepancies in
absolute magnitude. OCne possible reason for these differences may be
the fact that the estimation procedure used does not account for any
mutual interference eZfects between the flow fields of the missile and
the wing-fuselage combination.

CONCLUDING REMARKS

A low-speed wind-tunnel investigation has been made of some aspects
of the serodynamic problems assoclated with the use of air-to-air missiles
when carried externally on aircraft. Measurements of the forces and
moments on a missile model for & range of positions under the midsemispan
location of a h5° sweptback wing indicated longitudinal and lateral forces
and moments of sufficient magnitude to present possible serious problems
with regard to both carriage and release of the missiles. Surveys of the
ckaracteristics of the flow field in the region likely to be traversed by
the missile showed abrupt gradients in both flow angulerltiy and in local
dynamic pressure. Through the use of aerodynamic data on the isolated
missile and the measured flow-field characteristics, the longitudinal
forces and moments acting on the missile while in the presence of the
wing-fuselage cormbination could be estimated with fair accuracy. though
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the lateral forces and moments predicted were qualitatively correct, there
existed scme large discrepancies in absolute magnitude.

Langley Aeronautical ILaboratory,
Netional Advisory Committee for Aeronautics,
ILangley Field, Va., Octcober 5, 195k4.
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TABLE I.- FUSELAGE ORDINATES

< 1= 91.268 in. >
- -T5341 >
te— .31961 — t l

— = o ==

Ordinates, percent length
tation Radius
0 o]
3.28 .91
6.57 1.71
9.86 2.41
13.15 3.00
16.43 3.50
1g.72 3.90
23.01 h.21
26.29 4. 43
29.58 h.57
75.34 L.57
T6.69 L.54
79.98 .38
83.26 %.18
86.55 5.95
89.84 3.72
93.13 3.49
06.41 3.26
100.00 3.02
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Figure 5.- Photograph of model with angulsrity rake installed.
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Figure 4.- Photograph of model with missile installed.
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o———— Body alone
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A—— —— Body + wing
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Figure 10.- Force and moment characteristics of isolated missile.
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Figure 11.- Downwash characteristics of isolated missile.
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(a) o =-0.2% g = 0°.

Figure 12.- Comparison betwegn estimated and experimental missile forces
and moments.
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Figure 12.- Continued.

29




30

NACA RM L5LJ20
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Figure 12.- Concluded.
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